To longitudinally explore children's developing beliefs towards mathematics, we asked 207 children to define "math" and "reading" at grades 2 and 3 and coded for spontaneous references to likability or difficulty of math (or reading) in their definitions. We found that children attributed more difficulty to math than to reading despite their relatively neutral comments on the likability of either subject. Children described math and reading with comparable degrees of specificity, but girls' definitions were more specific than boys' . Relative to their peers, children with mathematics learning disability (MLD) provided less specific definitions overall, were more likely to describe math as more difficult than reading, and were more likely to show a decrease in likability ratings of math (but not reading) from grades 2 to 3. Grade 2 ratings predicted math ability at grade 3, more so than predictors from grade 3. These findings, although based on informal analyses not intended to substitute for validated assessments of disposition, support the notions that distinct aspects of dispositions towards math emerge in early childhood, are revealed through casual discourse, and are predictive of later math achievement outcomes. This further supports current interests in developing formal measures of academic disposition in early childhood.
Introduction
A productive disposition towards mathematics is an essential component of mathematics proficiency [1] . Like many elements of successful mathematics outcomes, the construct of a "productive disposition" is multifaceted. The National Research Council [1] defines it as "the tendency to see sense in mathematics, to perceive math as both useful and worthwhile, and to believe that steady effort in learning mathematics pays off." At a minimum, this description captures features of positive attitudes about mathematics, seeing sense in mathematics, the belief that effort is needed to support math learning, and a perspective that math is useful within and beyond school experiences-regardless of whether it is liked or disliked or achieved with minimal or great effort. Associations between these and other distinct features of a productive disposition are likely to be dynamic, but the nature and emergence of the elements themselves are not yet fully understood, particularly in early childhood. Here we report on a brief, exploratory study of whether second and third graders' definitions of mathematics shed light on their emerging dispositions and are related to their later mathematics achievement.
The recent interest in measuring beliefs about mathematics in early childhood (e.g., [2, 3] ) has yielded evidence of a reciprocal relationship between math interest or beliefs and math ability, even in preschoolers [4] . Accordingly, in this study we ask whether children's spontaneous conversations 2 Child Development Research about math reveal tendencies in their beliefs. Specifically, we ask if children's definitions of "math" reveal children's beliefs about whether math is easy or difficult, liked or disliked, or useful. We ask whether these potential disposition features apply to math specifically or to school subjects in general by asking our participants to also define "reading." By comparing definitions of math (and reading) among children with a wide range of math achievement levels (including children with mathematics learning disability (MLD)), we test the plausibility that early indicators of children's beliefs about math contribute to predicting their future mathematics outcomes. We base this hypothesis on prior research demonstrating that elementary school students' beliefs about their ability and subjective task values in mathematics predict their current and future activity choices [5, 6] .
Until recently, dispositions towards math and related constructs, such as math anxiety, were often not evaluated before middle school [7] or high school [8] . This is troubling in light of evidence of age-related changes in children's motivational patterns. Whereas most students begin schooling enthusiastically [1] , a shift from intrinsic to extrinsic motivational orientations emerges at about grade 3 (approximately 8 years of age) [9, 10] . This type of progression has been reported for measures of attitudes and curiosity [11, 12] , perceived competence [13] [14] [15] , and beliefs about intelligence [16] , and suggests that early childhood (prior to and up to grade 3) may be an essential period for establishing, maintaining, or at least initiating the foundation of a positive disposition towards mathematics. Moreover, while developing productive dispositions is important for children across a wide range of achievement levels, this may be especially important for students at risk for low mathematics achievement and/or MLD.
To explore how productive learning dispositions are cultivated in early childhood, we utilized an expectancyvalue model of achievement motivation [17] which asserts a proportional relationship between task engagement, expectations for success, and subjective task values. Specifically, the amount of effort children invest in an activity (e.g., mathematics engagement) is a product of their expectations for success and the extent to which they value the task. These components are influenced by children's perceptions of competence, task difficulty, and affect, and have been shown to directly affect achievement-related behaviors (as reviewed elsewhere [17] ). In the present study, we did not objectively measure students' efforts nor did we rely on self-report measures related to subjective task value. Rather, we used open-ended questioning to specifically test whether indicators of beliefs and values related to mathematics emerge from spontaneous conversations with young children. In particular, we focused on the extent to which children's responses reflect affect (likability), perceived task difficulty, and values reflected in the specificity with which their responses relate to the usefulness of mathematics. The expectancy-value model provided a useful framework for considering the types of beliefs on which to focus in coding children's responses, and for interpreting our findings given the similarities between our variables of interest and those proposed as part of this theoretical model.
What is the relevance of spontaneous conversations of this type in the context of evaluating children's beliefs about math? First, early conversations about math provide a mechanism by which adults can deliberately attend to the potential influences they have on their children's or students' math-oriented beliefs. Second, in addition to using conversations to nurture the development of a healthy math disposition, conversations can be monitored for indicators of a child's emerging beliefs. In other words, early conversations are useful as a platform for adults' messages to children, but also for attending to children's comments-spontaneous or structured.
Why are children's early comments about math potentially important? In view of emerging evidence that early beliefs about mathematics are related to later achievement outcomes, efforts to steer children from paths towards negative outcomes should begin in early childhood, when children's beliefs may be more malleable rather than deeply rooted. Consequences of negative beliefs towards math are frequently described in terms of secondary-school behaviors, such as avoidance of elective mathematics courses after grade 10 (age 15 years) [18] . But the antecedents of such avoidance likely occur much earlier. For example, a negative relationship between math anxiety and math achievement has been observed among elementary school aged children with high working memory capacity [19, 20] , and among elementary aged students who believe math-gender stereotypes with female students showing weaker identification with mathematics than their male counterparts despite similar levels of achievement [21, 22] . Gender stereotypes have been shown to influence mathematics achievement gains in first or second grade (ages 6 and 7 years), at least among young girls who conform to the belief that females underperform in math relative to males, and particularly among girls who receive instruction from a teacher with elevated levels of anxiety about mathematics [2] . These early associations warrant attention; information from informal conversation may be among the earliest indicators to direct adults' attention to students' emerging dispositions.
Children's math ability self-perceptions become well established in elementary school (e.g., [6] ), but parent expectancies and attributions may influence children's math beliefs [23, 24] before and after the onset of formal schooling. Parents who believe that math and science are male-oriented domains tend to overestimate their sons' math and science performance and underestimate their daughters' performance in math and science at least in mid-to late-elementary school [25] . In middle school students, this underestimation may impact self-concepts and self-underestimation of math ability [26, 27] . These findings suggest that teacher and parent behaviors can and do play a major role in student learning, and that efforts to counter such effects on negative beliefs about math and achievement-related perceptions should begin in early childhood [23] . Listening to children's dialogues about math may contribute to these efforts and provide opportunity for intercession.
There are a number of ways to evaluate math beliefs. Ratings of children's math self-perception and their enjoyment of mathematics are objectively measureable in elementary Child Development Research 3 school aged children [13] [14] [15] 28] and earlier [4] . Here, we propose that discourse may serve not only as a means for parents and teachers of young children to help shape a positive disposition towards math through adult-initiated "math talk," but also as a means for adults to glean information about a child's emerging disposition, despite the fact that dialogues are no substitute for formal screening and diagnostic assessments of risk for poor math outcomes.
What aspects of children's early dispositions towards mathematics are revealed during open-ended discussions, and are these beliefs related to formal math outcomes? To address these questions, in the present study we used a simple and straightforward approach to elicit children's spontaneous comments about math. Importantly, we avoided explicit prompting for information about beliefs about math in order to focus on children's spontaneous comments. Although findings to emerge from this approach do not reveal causal pathways to successful mathematics, evidence of the mere presence of relevant information from spontaneous speech has implications for the role of early conversations about mathematics among children and their parents, teachers, and care providers in shaping or supporting a child's disposition towards mathematics.
Method
2.1. Participants. Participants were drawn from a larger longitudinal study of mathematics achievement and mathematics learning disabilities during the primary school aged years, described elsewhere in more detail [29] . Briefly, the participants from the larger study were recruited from 23 kindergarten classrooms across seven schools in one large metropolitan public school district. The participating schools were selected based on their relatively low rates of mobility and free or reduced lunch participation, to diminish attrition and decrease the likelihood that poor math performance observed among participants was linked to low socioeconomic status. Of the 445 kindergartners from these classrooms invited to participate, 249 enrolled (129 girls). Participation in the present study was limited to the 207 children (107 girls) who completed annual assessments during both grades 2 and 3. Of the 207 included, most (86.5%) participants were white, 8% were black, 3% were Asian, and the remaining 2.5% represented other or mixed ethnicities.
Materials and Procedures.
During each year of the study, children were tested individually by one of five female examiners. Testing occurred during two or three sessions up to 45 minutes each, in a room separate from the classroom or other distracting activities. The testing battery included a range of standardized and experimental assessments. The measures relevant to the present report are two measures of mathematical ability, and a vocabulary probe administered to glean information about each participant's beliefs about mathematics. [30] ). The TEMA-2 is a standardized measure of formal and informal mathematical ability normed for use with children ages 2 to 8 years, 11 months. Items from the TEMA-2 include basic knowledge items such as counting principles, calculation and fact retrieval items, and items testing place value concepts or word problem solving. Total correct scores are converted to age-referenced standard scores for which test-retest reliability is 0.94 [30] .
Test of Early Math Ability-Second Edition (TEMA-2,
We administered the TEMA-2 to participants in the longitudinal study, from kindergarten through grade 3. In the present study, we used the standard scores from all four grades to assign children to one of three groups: children with mathematical learning disability (MLD), children with low mathematics achievement (LA), and children with age appropriate math achievement (typically achieving or TA). For the participants who exceeded the upper age level for the TEMA-2 ceiling at grade 3, we calculated prorated standard scores using regression-models to predict age 9 years and age 9.5 years outcomes, based on data from over 200 children who completed the TEMA-2 during all four years of the study. The criteria for these participant groups, described elsewhere in detail [31] , reflect the growing consensus that MLD classification is strengthened by considering scores over time, rather than one score at a single assessment. Children with TEMA-2 scores below the 10th percentile of the study sample were classified as having MLD (n = 18) and children with scores between the 11th to 25th percentile were classified as having low achievement in mathematics (LA; n = 26). These criteria were met during at least two of the four grades tested, provided that scores during any remaining years fell within the 95th percentile confidence interval of the 10th or 25th percentile cut off, respectively. Children who did not meet these criteria and who scored above the 25th percentile (or within the 95th percentile confidence interval for this range) were classified as typically achieving (TA; n = 163).
Woodcock Johnson-Revised Calculations (WJ-R Calc).
The Woodcock Johnson Psycho-Educational Battery-Revised [32] is a widely used standardized test of formal academic skills and is normed for use with children ages 2 to 21 years. The WJ-R Calculation subtest, normed for ages 6 and older, is an untimed paper-and-pencil test that includes a range of arithmetic problems presented in order of increasing difficulty. We administered this subtest at grades 1 and 3. Due to floor effects, we did not administer the test at kindergarten; due to time constraints, it was not administered at grade 2. Internal consistency reliability for the WJ-R Calc subtest ranges from r = .89 to r = .93 across ages 6-9 years [33] . In the present study, we used the standard scores from the WJ-R Calc subtest at grade 3 as the dependent variable in select analyses, controlling for earlier math performance (WJ-R Calc performance at grade 1).
Defining "Mathematics."
During select years of the longitudinal study, the test battery included a standardized expressive vocabulary test from the Stanford Binet Fourth Edition [34] (at grades K to 2) or the Wechsler Abbreviated Scale of Intelligence [35] (at grade 3). These subtests involved asking children to define a word presented orally by the examiner, beginning and ending at standardized basals and ceilings based on the examinee's age. In accordance with these standardized protocols, we asked each participant, "what is math?" followed by, "what is reading?" without any prompting for any specific or additional information. Only if a child responded with the equivalent of, "I do not know," we added the following prompt: "Just tell me what you think (math/reading) is." These definitions were elicited after a child reached a performance ceiling on the standardized vocabulary subtest, so that the point at which a definition was requested occurred at comparable levels of performance fatigue for all participants. This procedure also avoided unintentional alteration of the standardized vocabulary subtest. Also, by requesting a definition of math at the end of the expressive vocabulary test, we implicitly established expectations for the amount of information expected in response, and could indirectly convey comparable expectations about length of definitions for both "math" and "reading." Definitions of math and reading were obtained during grades 2 and 3.
Children's responses were recorded verbatim and transcribed into a central database with child identifiers removed. This ensured that coders were blind to the children's identity, gender, or math achievement status. Each response was coded independently by two trained coders. Coding responses were compared, and discrepancies were resolved in a coding meeting with the study PI and both coders present. Therefore, all definitions were double coded and, if there was disagreement, by three coders. Coding reliability is reported subsequently.
Coding Variables and Guidelines.
Each definition was coded separately for three attributes: the extent to which the child's definition spontaneously reflected a like or dislike for math or reading (likability code), whether the child's definition made reference to ease or difficulty associated with math or reading (difficulty code), and how specifically math or reading concepts, procedures, or uses were described (specificity code). One set of scoring criteria was developed for each of the likability and difficulty coding protocols (Tables 1 and 2 , resp.), each of which was applied to definitions of math and reading. Two parallel sets of criteria were established for coding the specificity of math (Table 3) and reading (Table 4) definitions.
The full range of possible likability codes was −2 (extremely dislikes math or reading) to 2 (extremely likes math or reading), with a code of 0 reflecting a neutral response (Table 1 ). Children's responses were assigned codes based on whether they were moderate (1) to strong or exaggerated (2) statements; these were further coded as positive (1 or 2) or negative (−1 or −2). Neutral responses included either no negative or positive comments, or included both (e.g., "it is kind of fun, but sometimes it is boring"). Of the four sets of 207 valence codes assigned, there were 2 disagreements among the 2 coders (99.9% agreement), which were resolved with a third coder/arbitrator. No child received a likability code of "2" for math at either grade, although at both grades, codes of "2" were assigned for reading.
The full range of possible difficulty codes was −2 (very difficult) to 2 (very easy), with a code of 0 reflecting no reference to either the difficulty or ease associated with mathematics or reading ( Table 2) . Of the four sets of 207 difficulty codes, there were 19 disagreements among the 2 coders (99.97% agreement), which were all resolved with a third coder/arbitrator. No child received a code of "2" (very easy) for either math or reading, at either grade.
Specificity codes ranged from 1 to 5, reflecting irrelevant or otherwise uninformative responses (1) to responses reflecting mathematics (or reading) as a useful tool (5) . A summary of these coding criteria and sample responses appears in Tables 3 and 4 . Of the four sets of 207 specificity codes, there were 58 disagreements among the 2 coders (93.0% agreement), which were resolved with a third coder/arbitrator.
All data were double entered into two excel spreadsheets, subtracted, and reviewed for discrepancies that were then corrected until the subtraction comparisons yielded no errors.
Results

Defining Math and Reading.
First we asked whether qualitative features of children's definitions of math and reading differ as a function of gender or MLD status. We carried out three analyses of variance (ANOVAs), each based on a 2 (subject area: math versus reading) × 2 (grades: 2 and 3) × 2 (gender) × 3 (MLD status: TA, LA, and MLD) design, with repeated measures of the first two factors. The outcome variables were likability codes, difficulty codes, or specificity codes from children's spontaneous definitions of math and reading. Note that the means reported in the text are marginal estimated means whereas means reported in the figures are observed means.
Children's Likability for Math and Reading Definitions.
We found no main effects of grade, MLD status, or gender on likability codes, P > .437. Although mean codes for reading were slightly more positive than those for math, the effect of subject area was not statistically significant, F(1, 201) = 3.86, P = .051, partial η 2 = 0.019. Group means for likability codes were essentially neutral for math (−0.011) and reading (0.048) when collapsed across grade and MLD status. Two-way interactions emerged for grade × MLD status, F(2, 201) = 3.86, P < .03, partial η 2 = 0.037; and grade × subject area, F(1, 201) = 6.67, P < 0.02, partial η 2 = 0.032, but these effects were also very small. From grade 2 to 3, valence codes did not change among children from the TA group (estimated marginal means = 0.032 and 0.023, resp.), became slightly more positive among children in the LA group (means = −0.017 and 0.095, resp.), and slightly more negative among children with MLD (means = 0.013 and −0.036, resp.). From grade 2 to 3, valance codes did not change as much for math (means = 0.013 and −0.035, resp.) as they did for reading (means = 0.006 and 0.090, resp.), but the direction of these changes differed with math scores becoming slightly more negative, and reading scores becoming slightly more positive (Figure 1 ). Even the strongest interaction to emerge from this analysis was associated with a small effect size, for a threeway interaction between subject area, grade, and MLD status, F(2, 201) = 5.53, P < .01, partial η 2 = 0.052. Pairwise comparisons indicated that children in the TA group made relatively neutral references to both math and reading at both grades (means = 0.012 for math at grades 2 and 3; and means = .051 and .034 for reading at grades 2 and 3, resp.), with little change from grades 2 to 3. Among children in the LA group, valence codes for definitions of math became slightly more negative over time (means = .000 to −0.045 at grades 2 to 3, resp.), and slightly more positive for reading during the same time period (means = −0.033 to 0.236). Children with MLD made neutral references when defining reading at both grades (both means = 0.000), whereas the In summary, at grades 2 and 3, boys and girls do not spontaneously make reference to extremely positive or negative sentiments about math or reading when defining either term, but there is a slight tendency for more negative comments about math (versus reading) among children with MLD, and, to a lesser degree, among children with low achievement in math.
Children's Reference to the Difficulty of Math and
Reading. We also evaluated spontaneous comments about the difficulty versus easiness of math or reading in our second set of repeated measures ANOVAs. Here, the main effect of subject area was significant, F(1, 201) = 16.02, P < .0001, partial η 2 = 0.074. Children's definitions of math included more references to difficulty (mean code = −0.347) than did their definitions of reading (mean code = −0.171). The main effect of MLD status reflected significantly more negative references (i.e., more ratings reflecting difficulty) to math and reading in the MLD group (mean rating across subject areas = −0.378), relative to the LA and TA groups (whose means ratings were −0.174 and −0.225, resp.), F(2, 201) = 3.40, P < .05. Still, the effect was small, partial η 2 = 0.033. Pairwise comparisons showed that math and reading ratings combined were significantly more negative among the MLD versus LA or TA groups, P < .03, but did not differ between the TA and LA groups, P = .361.
There was no main effect of grade or gender on difficulty ratings, P > .87. No interactions were significant, with the exception of a weak three-way interaction between subject area × grade × gender, F(1, 201) = 4.26, P < .05, partial η 2 = .021. Here, both boys and girls reported slightly greater difficulty for math than reading at both grades. This difference was more pronounced for girls than for boys at grade 2 but not at grade 3. Over time, boys showed a slight shift towards reporting greater difficulty from grades 2 to 3, for both math and reading; among girls, there was a slight shift towards reporting less difficulty for math (and no change in reports of difficulty for reading) from grades 2 to 3 ( Figure 2 ).
In sum, at both grades 2 and 3, both boys and girls make references to math or reading as difficult (or as requiring "work" or exertion), but there is a tendency for math to be described as slightly more difficult than reading, and a tendency for children with MLD to rate both math and reading as more difficult compared to ratings assigned by their non-MLD peers. "To like look at books and some books help you make things and repair your house and some people just read for fun." a general reporting tendency, rather than specific constructs. For example, each measure may reflect a positive or negative disposition towards academic subjects in general, in which case likability codes for math and reading should be positively correlated, and difficulty codes for math and reading should also be correlated. Alternatively, the measures may reflect an even broader tendency for positive or negative reporting in general, in which case likability and difficulty codes should be correlated with each other. Finally, if the codes represent stable, subject-domain sentiments, then math (or reading) likability scores should be correlated across grades.
Likability and Difficulty as Distinct Constructs. It is possible that likability and difficulty ratings simply represent
To explore which of these alternatives is supported, we ran three sets of four correlations, using 12 Spearman rank tests, with alpha adjusted to 0.004 based on multiple correlations (.05/12). With respect to the three alternatives posed above, we found only weak, partial support for the notion of a general academic valence bias, based on the weak positive correlation between likability codes for math and reading observed at grade 2 (Spearman Rho = .150, Only the latter correlation at grade 3 met our adjusted significance criteria for multiple correlations. There was less support for a broad reporting disposition bias, because likability and difficulty codes were not correlated with each other, P ranging from .096 to .594, with the exception of the association between math likability and difficulty at grade 3 only, −.148, P = .033, which did not meet criteria adjusted for multiple correlations.
There was far more support for subject-specific likability (or difficulty) over time, suggesting that our codes are indicative of stable, and subject-domain beliefs, at least over the short term (from grade 2 to 3): reading likability at grade 2 was correlated with reading likability at grade 3 (Spearman Rho = .239, P = .001), and reading difficulty at grades 2 and 3 were also correlated with each other Observed means for difficulty scores in grades 2 and 3 depict the significant main effects of subject area and MLD status, and the significant three way interaction between grade, gender, and subject area.
(Spearman Rho = .210, P = .002). Likewise, math likability at grades 2 and 3 were correlated with each other, (Spearman Rho = .251, P < .0003), although math difficulty scores were not correlated across grades (P = .816). All three of the significant results met our criteria adjusted for multiple correlations. Grade level means are reported in Table 5 .
Subject-Area Specificity of Children's Definitions of Math and
Reading. The third set of repeated measures ANOVAs concerned the specificity of children's descriptions of math or reading, with codes reflecting noninformative to elaborate descriptions (exemplified in Tables 3 and 4 ). There was no main effect of subject area on this aspect of children's definitions, P = .49. Responses ranged from 1 to 5 for both math and reading, with estimated marginal mean ratings of 2.86 for math and 2.90 for reading, collapsed across all other variables. There was no effect of grade on the specificity of definitions (means = 2.85 to 2.91, at grades 2 and 3, resp.), P = .29.
Gender and MLD status each contributed significantly to variance in the specificity of definitions. Girls gave slightly more specific definitions of mathematics or reading (mean = 3.00) than did boys (mean = 2. group (mean = 3.00), relative to the MLD or LA groups (P < .02), which did not differ from each other, P = .68 (means = 2.84 and 2.80, resp.). The only interaction to reach statistical significance was a two way interaction between MLD status and gender, F(2, 201) = 5.96, P < .004, partial η 2 = 0.056. This interaction reflects that girls' ratings did not differ across MLD groups (with estimated marginal mean ratings of 2.99, 2.96, and 3.07 across the TA, LA, and MLD groups, resp.), whereas boys' ratings did (means = 3.02, 2.72, and 2.52, resp.; Figure 3 ).
Predicting Mathematics
Achievement. Do these exploratory measures predict future or concurrent math performance? We carried out two regression models, each comprised of three predictors of grade 3 WJ-R math Calculation score as the outcome variable of interest. These models were based on predictors obtained at grade 2 or grade 3 (grade level predictors examined separately). When combined, grade 2 likability, difficulty, and specificity codes accounted for approximately 5% of the variance in WJ-R Calculation scores obtained at grade 3, F(3, 206) = 5.03, P < .003, adjusted r 2 = .055. However, likability and difficulty codes did not contribute significantly to the model, P > .12, whereas specificity codes did, t(206) = 3.11, beta = .212, P < .01.
Model strength improved significantly when grade WJ-R Calculation score was included as a predictor, F(4, 206) = 32.47, P < .0001, adjusted r 2 = .379. Still, the small contribution made by the specificity score remained significant, t(206) = 2.40, beta = .134, P < .02.
To examine whether concurrent predictors would be stronger than predictors obtained one year prior, the analysis was repeated using grade 3 likability, difficulty, and specificity codes to predict grade 3 WJ-R Calculation scores. The model strength for the grade 3 predictor model was weaker than the aforementioned grade 2 predictor model, F(3, 206) = 3.00, P < .04, adjusted r 2 = .028. Here, both the specificity and likability codes predicted grade 3 WJ-R Calculation scores, but effects were small (t(206)s (beta) = 2.12 (.147), and 1.99 (.138), resp., P < .05), and these effects disappeared when the grade 2 WJ-R Calculation scores were added to the model, P > . 31 To evaluate whether the effect to emerge from grade 2 predictors was specific to math disposition, we carried out parallel regression models using grade 2 or grade 3 likability, difficulty, and specificity codes from reading definitions, to predict WJ-R Calculation scores. Neither model accounted for significant variation in grade 3 WJ-R Calculation scores, adjusted r 2 < .02, P > .10.
Discussion
Our research questions examined primary school aged students' spontaneous comments about mathematics and specifically tested whether these comments reveal emerging dispositions linked to students' later mathematics achievement. Additionally, we tested the notion that beliefs about math may differ among children with versus without MLD. For comparative purposes, children's spontaneous comments about reading were also obtained. Our approach involved a straightforward design to elicit spontaneous comments of the kind that may emerge during casual verbal dialogue between young children and their parents or teachers. Finally, by repeating this procedure during two consecutive grades, we were able to test short term stability or reliability of the codes we collected.
Despite the subtlety of our approach, our findings indicate that children's spontaneous comments about math are informative even if they are no substitute for a structured and validated assessment of disposition. Specifically, we found that subject-specific comments about likability (or difficulty) appear to be stable beliefs, at least from grade 2 to 3. Lower likability ratings (i.e., more negative comments) were evident in definitions of math (versus reading) among children with MLD, and, to a lesser degree, among children with LA in math; but overall, reference to liking or disliking mathematics was absent from most of the participants' spontaneous comments of math and variability was greater among definitions of reading.
With regard to difficulty, children made more references to difficulty in definitions of math versus reading, collapsed across grades, groups, and gender. Children rarely, if ever, spontaneously remarked that math was easy but this was also true of reading. Children with MLD were more likely to make references to difficulty of math than their peers, but they also made more references to reading as difficult. This finding is consistent with reports of high co-occurrence of math and reading difficulties [36] and with reports that children with MLD recognize their academic weakness in mathematics, as determined by ratings on self-perception measures [37] . However, Hanich and Jordan [37] found that, on measures of reading, children with math difficulties and normal reading achievement do not rate their competence lower than children without math difficulties, although children with co-morbid math and reading difficulty do. They hypothesized that children in the math and reading difficulty group in their study were more accurate at evaluating their reading performance than math performance given that many of the children in this group were receiving special education services for reading related problems, which may have contributed to the formation of children's achievementrelated beliefs.
Analyses related to specificity of children's definitions of math and reading showed that, in general, children report unelaborated conceptions regarding the usefulness or importance of both math and reading as a tool. The only contributions of MLD status to the specificity rating from children's definitions of math concerned slightly less specific definitions by the MLD and LA groups, relative to the TA group, more so for boys versus girls; but this finding also emerged from definitions of reading. Greater specificity in definitions for math and reading were also observed among girls versus boys, which may simply reflect girls' superior expressive vocabulary during the school age years.
Of the four main predictor variables examined across these analyses-MLD status, subject area, gender, and grade-the only variable to account for variability in all three outcome variables was MLD status. Main effects or interactions involving MLD status emerged for likability, difficulty, and specificity. Although it is erroneous to infer that brief, open-ended questions like the ones used in our study are appropriate for diagnosis of MLD, future and ongoing work is needed to address the dynamic role(s) of a productive disposition and long term math achievement outcomes.
There were no gender differences in likability ratings for math or reading, but boys and girls reported slightly greater difficulty for math than reading at both grades. From grades 2 to 3, boys shifted towards reporting slightly greater difficulty for both math and reading over time, whereas girls shifted towards reporting slightly less difficulty for math over time. This may reflect differences in shift towards behavioral compliance rather than a specific shift in beliefs about mathematics, but neither explanation is supported by our data. The effect was small and warrants more in depth evaluation, especially in light of research that has found primary school aged boys identify more strongly with mathematics and have higher self-concepts than girls despite similar levels of mathematics achievement [22] . Other research conducted with eighth graders found an absence of gender differences in attitudes towards mathematics and achievement, although boys were more likely to attribute their math achievement to their intellectual abilities than girls [38] .
It is quite clear that the effects that emerged in this exploratory study are small. Yet the fact that any such findings would emerge given the simplistic nature of our questioning is somewhat intriguing. Our ratings were based on children's unstructured responses to brief, open-ended questions, "what is math?" and "what is reading?" and their definitions hint at potentially distinct elements of a productive disposition towards math, evident at second and third grades. This finding is consistent with factors to emerge from formal assessments based research. For instance, Adelson and McCoach [28, 39] found evidence of two factors from their math attitudes survey given to upper elementary students (grades 3 to 5), reflecting an "enjoyment of math" construct (similar to our "likability" codes) and a "math self-perceptions" construct (similar to both our "difficulty" and "specificity" codes). Their development of a structured survey supports the notion that individual differences in dispositions towards math exist and can be measured at grade 3 and above; we add that this work can likely be extended downward to grade 2 and below. As our work and that of others indicates, some dispositional factors may be math-specific ("math is difficult") whereas others may generalize to academic subjects.
Implications for Further Studies.
Although our findings do not indicate causal pathways, they are consistent with evidence that primary school aged students' interests or beliefs about mathematics affect their achievement level or reflect risk status for future math outcome [2, 4] . The predictive contribution of grade 2 specificity ratings to math scores at grade 3 suggests associations emerging in early childhood. One possibility is that opinions about the importance or challenges of math precede and direct learning or performance success, as has been implicated in work with adults [40] ; alternatively, earlier ability levels may influence emerging opinions, such that these features operate dynamically throughout schooling. There is some evidence that students' perceived competence ratings and ratings of enjoyment of mathematics are independent of achievement in the early years, but are related to math performance at the end of elementary school [41] . Our findings run counter to this conclusion, and thus support the contention that research on dispositional contributions to mathematics achievement must include studies of early childhood.
These findings in early childhood have implications for teachers, parents, and care providers of young children. In general, children in our study expressed relative flat affect with regard to their enjoyment of mathematics, did not hold very elaborate conceptions regarding the usefulness of mathematics, and attributed more difficulty to mathematic than reading. Despite the small effect size that emerged from these findings, these suggest potential negative outcomes when considered in the context of expectancy-value theory. According to the model, these dispositions run counter to facilitating engagement in mathematics activities given the proportional relationship among components of the model (i.e., engagement = success expectancies × task value). However, the "neutral" codes for likability were based on spontaneous comments, and children may have responded very differently to prompts eliciting remarks about liking or disliking mathematics. To foster adaptive motivational behaviors, parents and teachers should provide feedback to young children about the task values associated with mathematics, help students develop positive but accurate perceptions of their abilities, and teach children to effectively appraise learning to modify their achievement behaviors.
Limitations and Conclusions.
There are several limitations to our exploratory study. Although our sample size was large and data collection over time was longitudinal, the time period over which we examined definitions of math and reading was limited to two consecutive years, and the number of students with MLD and LA was limited by the defining criteria of these constructs (e.g., MLD occurring in only ∼6-10% of the population, as it was in our study). The deliberately simplistic nature of our data collection was consistent with our goal to evaluate more naturalistic and spontaneous versus prompted comments about mathematics likability, difficulty, and specificity, but children's comments could be elaborated upon through structured probes and conversations. For instance, most children's definitions received "neutral" codes for likability, but this does not mean that children did not have beliefs about liking or disliking mathematics.
Our research question did not concern the strength of children's beliefs about math so much as the likelihood of their emergence during conversation. In addition to expressing (or not expressing) beliefs about math and reading, the children in this study remind us of the importance of listening to what they say, even during casual discourse. That is, adult-child discourse provides a means for parents and teachers to both nurture a child's positive disposition towards math, and monitor the child's emerging disposition.
